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Abstract: This manuscript is devoted to introduce a gauge theory of the 
Lorentz Group based on the ambiguity emerging in dealing with isometric diffco- 
morphism- induced Lorentz transformations. The behaviors under local transfor- 
mations of fermion fields and spin connections (assumed to be ordinary world 
vectors) are analyzed in flat space-time and the role of the torsion field, within 
the generalization to curved space-time, is briefly discussed. The fermion dy- 
namics is then analyzed including the new gauge fields and assuming time-gauge. 
Stationary solutions of the problem are also analyzed in the non- relativistic limit, 
to study the spinor structure of an hydrogen-like atom. 

PACS Nos.: 02.40.-k; 11.30.Cp 



1 General Remarks 

Many attempts to construct a gauge model of gravitation exist. In particular, the works 
by Utiyama pQ and by Kibble [2] were the starting points for various gauge approaches 
to gravitation (as discussed in Section 2). As a result, Poincare gauge theory (PGT), see 
[31 IH [U [7] , is a generalization of the Einstein scheme of gravity, in which not only the 
energy-momentum tensor, but also the spin of matter plays a dynamical role when coupled 
to spin connections, in a non-Riemannian space-time. 

To include spinor fields consistently, it is necessary to extend the framework of General 
Relativity (GR), as already realized by Hehl et al. [4]: this necessity is strictly connected 
with the non existence in GR of an independent concept of spin momentum for physical 
fields, as the Lorentz Group (LG) has not an independent status of gauge group in GR. 



In fact, we will demonstrate that an isometric diffcomorphism can induce a local Lorentz 
rotation, thus standard spin connections 0J fl ab have no longer a gauge role in this framework 
(being only a function of tetrads and behaving like vectors under the diffcomorphism-induced 
Lorentz rotation). New gauge connections A^ ab have to be introduced into the dynamics to 
appropriately recover the Lorentz invariance of the scheme, when spinor fields are taken into 
account (as discussed in Section 3). 

This paradigm is well established in flat space-time, where isometric diffcomorphism are 
allowed and spin connections can be set to zero. Within this framework, fermion dynamics is 
analyzed including the effects of the new gauge fields (as discussed in Section 4) . A Modified 
Dirac Equation is the starting point to study the non-relativistic limit and the resulting 
Generalized Pauli Equation in presence of a Coulomb central potential. For an hydrogen-like 
atom, energy-level splits are predicted but no new spectral lines are allowed (as discussed in 
Section 5). 

The analysis developed in flat space-time can be extended to a curved one. In the First- 
Order Approach, the geometrical identification of the LG gauge fields with a suitable bein 
projection of the contortion field is allowed when a non-standard interaction term between 
generalized connections and these gauge fields is postulated, if fermion matter is absent. 
On the other hand, when spinors are present, both spin connections and the spin current 
contribute to the torsion term (as discussed in Section 6). 

Notation: Greek indices (e.g., \i — 0, 1, 2, 3) change as tensor ones under general coordi- 
nate transformations (i.e., world transformations); Latin indices (e.g., a — 0, 1,2,3) are the 
tetradic indices and refer to Lorentz transformations; Only indices i, j, k are 3-dimensional 
indices and run from 1 to 3. 

2 Internal and Space-Time Symmetries 

This Section is aimed at analyzing the internal symmetries of the space-time. We focus on the 
description of GR as a gauge model, underling the ambiguity that arises from this approach. 

We can introduce the usual orthonormal basis e M ° (tetrads) for the local Minkowskian 
tangent space-time of a 4-dimcnsional manifold. Tetrads are locally defined in curved space- 
time and their transformations can be read as generic reference-system changes. This way, 
such a standard formalism allows one to recover Lorentz symmetry because tetrad changes are 
defined as local Lorentz transformations linking the different incrtial references they describe. 
The relations between tetrads and the metric g^ v are 

9 — Vab e^ e v , e^ e fJ ' b = S b , e a — 5^ , (1) 

where r) a b is the local Minkowski metric. Projecting tensor fields from the 4-dimensional 
manifold to the Minkowskian space-time allows us to emphasize the local Lorentz invariance 
of the scheme in presence of spinor fields. In fact, fermions transform like a particular 
representation S of the LG, i.e., ip — > Sip, where 

S = I - | e ab S a6 , S afc = | [7 a , 7(,] , [£ cd , E e /] = i^def ^ab , (2) 

here the E a fc's and the F^fS arc tne generators and the structure constants of the LG, 
respectively and e^(x) is the infinitesimal Lorentz rotational parameter. To assure the Lorentz 
covariance of the spin derivative d^tp, connections L0^ b must be introduced to define a 
covariant derivative as 

=d„ + r£" , r<T> = I <" S ab , = e^V,e b = e° 7 6a c , (3) 
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where the to^'s denote the so-called spin connections and j a b c — e^e^V^e^a are the Ricci 
Rotation Coefficients (V M is the usual coordinate covariant derivative). It is worth under- 
lining that the introduction of the tetrad formalism enables us to include spinor fields in 
the dynamics In this sense, spin connections are introduced to restore the correct Dirac 
algebra in curved space-time i.e., ZX 1 " 5 7^ = [§]. By other words, the correct treatment of 
spinors in curved space-time leads to the introduction of those connections, which guarantee 
an appropriate gauge model for the LG. 

This picture suggests, in appearance, the description of gravity as a gauge model [101 lllj . 
Spin connections are a bein projection of Ricci Rotation Coefficients and this formalism leads 
to the usual definition of the curvature tensor: 

R,u ab = - d^wj* + ^ e/ <V' . (4) 

which corresponds to the I Cartan Structure Equation. The Hilbert-Einstein Action rewrites 
now as 

S a {e,u) = -lfdet(e)d 4 x e/e^R^ . (5) 
Variation wrt connections leads to the II Cartan Structure Equation, 

V/ - d v e° - u« b e vh + <% 6 - , (6) 

which links the tetrad fields to the spin connections. Since ui^ ab = e f f^f ba c , we underline that 
such connections behave like ordinary vectors under general coordinate transformations (i.e., 
world transformations), and variation wrt tetrads gives rise the Einstein Equations, once the 
solution of eq. |B]) is addressed. 

In the standard approach, spin connections transform like Lorentz gauge vectors under 
infinitesimal local Lorentz transformations (described by the Lorentz matrix = 5 b + e h a ): 

i , ab A / , ab £> c ab -L 1 T ab c cd , 1 e f (7\ 

and the Riemann tensor is preserved by such a change; therefore, in flat space-time, we 
deal with non-zero gauge connections, but a vanishing curvature. In both flat and curved 
space-time, the connections co f f' b exhibit the right behavior to play the role of Lorentz gauge 
fields and GR exhibits the features of a gauge theory. On the other hand, the presence of 
tetrad fields (introduced by the Principle of General Covariance) is an ambiguous element 
for the gauge paradigm. In fact, spin connections can be uniquely determined as functions of 
tetrads in terms of the Ricci Rotation Coefficients y a bc- This relation generates an ambiguity 
in the interpretation of the cv fl ab, s as the only fundamental fields of the gauge scheme since 
the theory were based on two dependent degrees of freedom. 

It is just the introduction of fermions that requires to treat local Lorentz transformations 
as the real independent gauge of GR. In fact, when spinor fields are taken into account, 
their transformations under the local Lorentz symmetry imply that the Dirac Equation is 
endowed with non-zero spin connections, even in flat space-time. Because of the behavior of 
spinor fields, it becomes crucial to investigate whether diffeomorphisms can be reinterpreted 
to some extent as local Lorentz transformations. 

3 A Novel Approach for a Gauge Theory of the LG 

Here we want to fix some guidelines that are at the ground of this approach to Lorentz gauge 
theory. We first note that spin connections uj fl ab are gauge potentials and not physical fields, 
in the sense that they are subjected to such gauge transformations (J7J that do not alter the 
curvature tensor. 
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The key point is that, if we are able to show (as we will demonstrate in the following) that 
diffeomorphisms can induce local Lorentz transformations, we can conclude that the u; a s 
can no longer be regarded as gauge potentials for the LG, because of the ambiguity of their 
transformation properties: do they behave like gauge fields or ordinary (coordinate) vectors? 
In this sense, new gauge fields must be added to retore the Lorentz invariance of the theory. 

By other words, an inconsistence arises as far as the spinor behavior is analyzed under 
diffeomorphism-induced Lorentz rotation. Fermions are coordinate scalars and transform as 
the usual laws under Lorentz rotations, i.e., a spinor representation of the LG. They live in 
the tangent bundle without experiencing coordinate changes and, if the two transformations 
overlap, an ambiguity on the nature of spinors comes out. 

In flat space-time, in the case e^ a — 5^, spin connections vanish and they must remain 
identically zero under local Lorentz transformations. In fact, the coordinate transformations 
can now be reinterpreted as Lorentz rotations and the request for external Lorentz gauge 
field appears well grounded. This picture remains still valid in curved space-time, as long 
as we accept that spin connections transform like vectors when diffeomorphism-induced ro- 
tations are implemented. In this scheme, new gauge fields, transforming according to their 
Lorentz indices, are the only fields able to restore Lorentz invariance when local rotations are 
induced by coordinate changes. In fact, the nature of gauge potentials is naturally lost by 
the gravitational connections, which behave like tensors only. It is worth noting that, if the 
£J„° s are assumed to behave like gauge vectors under the induced Lorentz transformation, 
the standard approach can be recovered and the ambiguity of the tetrad dependence arises. 
It can also be interesting to compare our approach with that of \12\ 1 1 3] , where the formalism 
of the Lie Derivative is extended to spinor fields. 

We are now going to demonstrate that such correspondence between coordinate transfor- 
mations and local rotations takes place only if we deal with isometric diffeomorphisms. This 
request is naturally expected if we want to reproduce a Lorentz symmetry: an isometric 
diffeomorphism induces orthonormally-transformed basis and, to this extent, an isometry 
generates a local Lorentz transformation of the basis. An infinitesimal isometric diffeomor- 
phism is described by 

x» - =x» + e (x) , V P 6, + V„£ M = , (8) 

and it induces the following transformation of the basis vectors 

" e^(x') = e v *(x) a-Va*" = e?(x) - e v a (x) . (9) 

If we deal with an infinitesimal local Lorentz transformation hP a {x) = 8 b a + e b a {x), we get, up 
to the leading order, the tetrad change (evaluated in x' of eq. ©): 

^ e'^(x') = K b a {x')e;{x') = e^x') + e b (x)e a b (x) . (10) 
In this sense, we can infer that the two transformation laws overlap if we assume the condition: 

£ah = V[ £fe] - 7a6c£ C , (11) 

where, to pick up local Lorentz transformations from the set of generic diffeomorphisms, the 
isometry condition V(^£„) = has to be taken into account in order to get the antisymmetry 
condition e a f, = —eba for the infinitesimal parameter e a t,. 

4 Spinors and Gauge Theory of the LG in Flat Space-Time 

Let us now analyze the formulation of a gauge model for the LG in a flat Minkowski space- 
time when diffeomorphism-induced Lorentz transformation are allowed. The choice of flat 
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space is due to the fact that the Riemann curvature tensor vanishes and, consequently, the 
usual spin connections w fl ab can be set to zero choosing the gauge e^ = 8^ £jj . This allows 
one to introduce new Lorentz connections A^ ab as the gauge fields as far as the correspondence 
between an infinitesimal diffeomorphism and a local Local rotation is recovered, as shown in 
the previous section. 

In a 4-dimensional flat manifold, the metric tensor reads <? M „ = r7 a i,e„ a e y and an infinites- 
imal diffeomorphism and a local Lorentz transformation write as 

x a ^x a +C(x c ) , x a h x a + e a b {x c ) x\ (12) 

respectively. If vectors are taken into account, no inconsistencies arise if the two transforma- 
tion coincide. In fact, if we set e b a = d b £ >a (x c ), the two transformation laws 

D Va(x') = V a (x) + d a e(x) V b (x) , L V^(x') = V a (x) + e b a {x) V b (x) , (13) 

overlap and the LG loses its status of independent gauge group [I]. Here, the isometry 
condition <9f,£ a + d a £,b = has to be imposed to restore the proper number of degrees of 
freedom of a Lorentz transformation, 10, out of that of a generic diffeomorphism, 16. 
On the other hand, spin— 1 ji fields are described by the usual Lagrangian density 

C F = | h a ^M - | e^fyfyV (14) 

and, if accelerated coordinates are taken into account, they have to recognize the isometric 
components of the diffeomorphism as a local Lorentz transformation, differently from vectors: 
a spinor can noway be a Lorentz scalar. In this scheme, new Lorentz connections A^ b have to 
be introduced for matter fields since, for assumption, the standard connections uj^ b do not 
follow Lorentz gauge transformations and they are not able to restore Lorentz invariance. 
Let us implement an infinitesimal local Lorentz transformation considering the spin— 1 /2 
representation S = S(A(x)) of eqs. ([2|), i.e., 

S = I — j e ab E Q 6 , S ab = j [7a, 7b] > Pcdj S e /] = iJ^cdef ^ab ■ (15) 

Such a transformation acts on the spinor in the standard way ip(x) — > S ip(x) and 7 matrices 
are assumed to transform like Lorentz vectors, i.e., S j a S 1-1 — (A -1 )^ -f b . In this approach, 
gauge invariance is restored by a new covariant derivative, i.e., — > Djf\ 

which behaves correctly like j^D^tp — » S(A)j fJ/ D l jf ) ip, since the field = A^ b T, a b trans- 
forms under the following law: A^ -> SA^S- 1 - AiSd^S^ 1 . Connections A£ b uj* b ) 
transform like 

A ab ^ A a b _ g^ab + ^ ab^ £ ef A od } 

i.e., as natural Yang-Mill fields associated to the LG, living in the tangent bundle ®. A 
Lagrangian associated to the gauge connections can be constructed by the introduction of 
the gauge field strength 

which is not invariant under gauge transformations, as usual in Yang-Mills gauge theories, 
but the gauge invariant Lagrangian for the model 

U = -f F^F^b , (19) 

1 In general, the uj fJ ab, s are allowed to be non-vanishing quantities. 

2 The tangent bundle coordinates differ for the presence of an infinitesimal displacement from those of the 
Minkowskian space |14) . 
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can be introduced. In flat space, the only real dynamical fields are the Lorentz gauge fields. 
Variation of the total action, derived by the total lagrangian density C t ot — AfC-D^V) +£a, 
wrt the new gauge connections leads to the dynamical equations 

V7 PC" _ jv TV —_l f cdv -(ax) 

V P r ab ~ J ab ) J ab — 4 € ab e cJd ' 

where jj ax ^ = j/> 757^ ip is the spin axial current. Such field equations correspond to the Yang- 
Mills Equations for the non-Abelian gauge fields of the LG in flat space-time. The source of 
these gauge fields is the conserved spin density of the fermion matter whose dynamics will 
be analyzed in the next section. 

5 Generalized Pauli Equation 

The aim of this Section is investigating the effects that the new gauge fields can generate in a 
flat space-time. In particular, we treat the interaction between the new connections A^ b and 
the 4-spinor if) (of mass m) to generalize the well-known Pauli Equation, which corresponds 
to the motion equation of an electron in presence of an electro-magnetic field [15] . 

The implementation of the diffeomorphism-induced local Lorentz symmetry (d^ — > D^) 
in flat space, leads to the fermion Lagrangian density 

Cf = | H'^M - I e\d^ a i> - m # + § e" c i> { 7 C , Safe} V" ^ > ( 21 ) 

where {7°, £ Q b} = 2e£ b(J 75 7 . To study the interaction term, let us now start from the 
explicit expression 

Unt = H <bdl^ d Af V • (22) 

Let us now consider the role of gauge fields by analyzing its components A^ , A 3 , A9 J , AV , 
imposing the time-gauge condition Aq = associated to this picture and neglecting the 
term Aq 1 since it summ over the completely anti-symmetric symbol e^ id = 0. The interaction 
Lagrangian density rewrites now 

dnt = C 7°757° V> + C t 7°757 4 1> , (23) 
with the following identifications 

Co = \ e ijoAfr , Ci — j ^oji^-k ■ (^) 

Here the component Cq is related to rotations, while C; to the boosts. Varying now the 
total action built up from the fermion Lagrangian density wrt ij) , we get the Modified Dirac 
Equation 

(i 7 7 5o + C l7 °757 l + iVVft + C Y o7°757°)^ = m-fi/> , (25) 
which governs the 4-spinor tp interacting with the new Lorentz gauge fields described here 
by the fields Co and CV 

Let us now look for stationary solutions of the Dirac Equation expanded as 

i>(r,t) ^ i>(r) e~ i£t , ^=fj), = , <P ) , 

where £ denotes the spinor total energy and the 4-component spinor ^(r) is expressed in 
terms of the two 2-spinors x( r ) an d 0(r). Using now the standard representation of the 
Dirac matrices, the modified Dirac Equation (f25|) splits into two coupled equations (here we 
write explicitly the ^-momentum p l ): 

{£ -o,C % ) X ~ (* tP l + C o )0 = m X , (26a) 
(£ -o-i&)<l> - (a tP l + Co)x =-m<t>. (26b) 
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Let us now investigate the non-relativistic limit by splitting the spinor energy in the form 
£ = E + rn. Substituting this expression in the system (|2"rj)) , we note that both the \E\ and 
| er, C l \ terms are small in comparison wrt the mass term m in the low-energy limit. Then, 
eq. (|26bp can be solved approximately as 

* = 2k (^P l + C )x- (27) 

It is immediate to see that <f> is smaller than x by a factor of order p/m (i.e., v /c where v is 
the magnitude of the velocity): in this scheme, the 2-component spinors ip and x form the 
so-called small and large components, respectively [IS] . 

Substituting the small components (|27p in eq. (|26a[) . after standard manipulation we get 

E X = 5k [P 2 + C o + 2C (a lP 4 ) + o~i C l ] X ■ (28) 

This equation exhibits strong analogies with the electro-magnetic case. In particular, it is 
interesting to investigate the analogue of the so-called Pauli Equation used in the analysis of 
the energy levels as in the Zeeman effect [17] : 

E X = [5k (p 2 + e 2 A 2 + 2eA lP i )+M^B t ) -e$ (E) ] X , (29) 

where [is = e/2m is the Bohr magneton and Ai denotes the vector-potential components, 
B l being the components of the external magnetic filed and $ (E) the electric potential. 

Let us now neglect the second order term Cq in eq. (|28j) and implement the symmetry: 
dp — ¥ dfj, + -4/it + A® b Y, a b, with a vanishing electromagnetic vector potential, i.e., Ai = 0. 
Introducing a Coulomb central potential V(r) through the substitution E — > E — V(r), we 
can derive the total Hamiltonian of the system, i.e., H to t = Hq + H' , where 

v 2 Ze 2 

H ° = ^~- Ta r > H' = H 1+ H 2 , (30) 

H 1= C (a lP l ) I m , H 2 = a, C l / 2m , (31) 

which characterize the electron dynamics in an hydrogen-like atom in presence of a gauge 
field of the LG (here, Z is the atomic number and eo denotes the vacuum dielectric constant). 
The solutions of the unperturbed Hamiltonian are the well-known modified two-components 
Schroedinger wave function, that write U^ r ^ n tm l rn a = E n ipnlm t { r ) X^h,m s t where the 
energy levels are E n = — m (Za) 2 / 2n 2 . 

Since Hi and H2 have to be treated like perturbations, the gauge fields can be considered 
as independent, in the low-energy (linearized) regime. The analysis of H\ can be performed 
substituting the operator (aip 1 ) with (J%p % ), where Ji denote the components of the total 
angular momentum operator (in fact, Lip 1 — 0). H\ is diagonal in the basis \ n; isjrrij) and 
according to basic tensor analysis, we decompose the term (Jip 1 ) into spherical-harmonics 
components. As a result, by means of the Wigner-Eckart Theorem [IB], we find non- vanishing 
matrix elements corresponding to 

j' = j + 1 , m'j = rrij . (32) 

Anyhow, since (JiP 1 ) is a pseudo-scalar operator (i.e., it connects states of opposite parity), 
no transition is eventually allowed. 

The analysis of H2 requires a different approach. We assume that the new Lorentz fields 
are directed along the z direction. This way, only the component C3 is considered and, 
for the sake of simplicity, we impose that only one between A^ 2 and A^ contributes, in 
order to recast the correct degrees of freedom. The effect of C3 corresponds to that of an 
external "magnetic" field generated by the fields A°J , which can be considered the vector 
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bosons (spin— 1 and massless particles) of such an interaction. Hi is now diagonal in the 
unperturbed basis \n; lm t sm a ) and produce an energy-level split of the order 

*E=&™.> (33) 

where m s = ± 1 /2. Nevertheless, because of electric-dipole selection rules [T7], we have to 
impose Am, = 0, and no correction to the well-known transitions is detectable. 

Collecting all the results together, we conclude that no new spectral line arises. Because 
of this properties of the Hamiltonian, it is not possible to evaluate an upper bound for the 
coupling constant of the interaction. 



6 Curved Space-Time and the Role of Torsion 

The considerations developed in flat space-time can be generalized to curved space-time keep- 
ing in mind that the torsion-less assumption of GR (perfectly realized by the Hilbcrt-Palatini 
Aaction) does not allow for an independent gauge field of the LG [19] . In what follows, we 
provide, in the First-Order Approach, a link between the dynamics of the contortion field 
and the new Lorentz gauge fields. 

The need to introduce Lorentz connections A^ h in curved space-time is motivated by the 
restoration of the spinor Lagrangian local invariance under diffeomorphism-induced Lorentz 
transformations, while spin connections uj fl ab allow one to recover the proper Dirac algebra. 
The generalization consists in considering a curved manifold, in which the tetrad basis is the 
dynamical field describing pure gravity. Local Lorentz transformations are still considered 
as a gauge freedom and, like in flat space, new connection fields have to be introduced. 

Considering the Riemann-Cartan space U 4 filled with general affine connections T^ u> the 
torsion field T£ v is defined as T£ v = . Within the framework of the First-Order Approach 
[20] . the II Cartan Structure Equation writes 

d^eS - d v e° - w« b e vb + u u a % b = e p a f f H = e p a T£ v = a . (34) 
The total connections Co fi ab 1 solution of this equation, are 

~ ab , ab ■ v~ ab foK,\ 

^p = u p +% , (35) 
where JC p h is the projected contortion field which is derived by the usual relation 

K-vp ~ ~2^?vp ~ Tpv + %}p) j (36) 

while the w„° s are the standard spin connections, i.e., uj^ — e^^ ha c . 

As far as the formulation of a diffeomorphism-induced Lorentz gauge theory is concerned, 
new connections A ab have to be introduced. To establish the proper geometrical interpre- 
tation of such gauge fields, let us now introduce generalized connections uj^ ab for our model 
and postulate the following interaction term 

Sconn = 2 fdet(e) d 4 x e\e\ u>^ A^ . (37) 

In such an approach, the action describing the dynamics of the fields A^ is derived form 
the gauge Lagrangian (Tl9|) . i.e., 

S A = -lfdet(e)d*xF^ b F» v ab , (38) 

while the action that accounts for the generalized connections can be taken as the gravi- 
tational action Sq ©, but now the projected Riemann Tensor ((4|) is constructed by the 
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generalized connections ui^ b . Such a new fundamental Lorentz invariant can be denoted by 
R^ ab yielding 

S G (e,w) = -\Jdet(e)d 4 x e/e^R^ . (39) 

Collecting all terms together, one can get the total action for the model. Two cases can 
now be distinguished according to the absence or presence of spinors. If fermion matter is 
absent, variation of the total action wrt connections u! fl ab gives the generalized equation 

- d v e« - w« b e vb + = A« b e vh - A u ab e^ b , (40) 

which admits the solution 

<" = <" + K h , (41) 

As a result, confronting the expression above with the solution (|35p . the new gauge helds 
A^ b mimic the dynamics of the contortion field fC^ ab , once filed equations are considered. 

If the fermion matter contribution is taken into account in the total action, variation wrt 
generalized connections leads to an additional term in the rhs of eq. (|40p . i.e., 

1 Jib c -d , 1 ,ab c -d tA r )\ 
■■■ ~ 4 e cd e fJ , e bu J (ax) "+" 4 e cd e v e bfJ. J (ax) J l 4Z 7 

being j^ ax ^ — 75 7 d ip the spin axial current. The presence of spinors prevents one to identify 

connections A^ b as the only torsion-like components, since all the terms in the rhs of the II 
Cartan Structure Equation (which in this model can be identified with eqs. I|40 p +(|42 p ) have 
to be interpreted as torsion. This way, both the gauge fields and the spinor axial current 
contribute to the torsion of space-time. It is worth noting that, if the fields A£ b vanishes, 
we obtain the usual result of PGT i.e., the Einstein-Cartan contact Theory, in which 

torsion is directly connected with the density of spin and does not propagate [21j . In our 
scheme, collecting eqs. (|40p and (|4"2"j) together, we obtain the the unique solution: 

<V" = <" + + I C < j d (ax) ■ (43) 

Furthermore, the spin density of the fermion matter is present in the source term of the 
Yang-Mills Equations for the Lorentz connections, and the Einstein Equations contain in the 
rhs not only the energy-momentum tensor of the matter, but also a four-fermion interaction 
term. The dynamical equations of spinors are formally the same as those ones of the Einstein- 
Cartan Model with the addition of the interaction with the LG connections A,°" b . 

7 Concluding Remarks 

The considerations developed in this paper have been prompted by observing that GR admits 
two physically different symmetries, namely the diffeomorphism invariance, defined in the 
real space-time, and the local Lorentz invariance, associated to the tangent fiber. Such two 
local symmetries reflect the different behavior of tensors and spinors: while tensors don't 
experience the difference between the two transformations, spinors do. In our proposal, the 
diffeomorphism invariance concerns the metric structure of the space-time, on the other hand, 
the real gauge symmetry corresponds to local rotations in the tangent fiber and admits new 
geometrical gauge fields. 

In our analysis, the key point has been fixing the equivalence between isometric diffeo- 
morphisms and local Lorentz transformations. In fact, under the action of the former, spin 
connections behave like a tensor and are not able to ensure invariance under the corresponding 
induced local rotations. This picture has led us to infer the existence of (metric-independent) 
compensating fields of the LG which interact with spinors. Ricci spin connections could not 
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be identified with the suitable gauge fields, for they are not primitive objects (they depend 
on bein vectors). 

In flat space-time, we have developed the model by choosing vanishing spin connections. 
In treating spinor fields, a covariant derivative that accounts for the new gauge fields (be- 
having like natural Yang-Mills ones) has been formulated. The analysis, in flat space, is 
addressed considering the non-relativistic limit of the interaction between spin— 1/2 fields and 
the Lorentz gauge ones. This way, a generalization of the so-called Pauli Equation has been 
formulated and applied to an hydrogen-like atom in presence of a Coulomb central potential. 
Energy-level modifications are present but selection rules do not allow for new detectable 
spectral lines. 

In curved space-time, a mathematical relation between the Lorentz gauge fields and the 
contortion field has been found from the II Cartan Structure Equation if a (unique) interaction 
term between the gauge fields and generalized internal connections is introduced. 

* We would like to thank Simone Mercuri for his advice about these topics. 
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